In the case of seeds, after root development in germination, calli were induced 2 from the roots, but subsequent cultivation of the calli on a shoot-inducing medium 3 (SIM), a cytokinin-rich medium for the induction of shoot regeneration, induced the 4 regeneration of only roots but not shoots (Fig. S1 ). This suggests that the calli induced 5 from roots were not suitable for shoot regeneration, inconsistent with the related species 6 Hibiscus sabdariffa [7] . Hypocotyls were fragmented and then were placed vertically or 7 horizontally, or placed horizontally after longitudinal split, or were chopped, and then 8 they were cultivated on CIM. These sectioning and cultivating procedures, except for 9 chopping, succeeded in inducing the callus, and the vertically cultivated hypocotyls 10 seemed to show the highest efficiency for induction ( Fig. 1B and Fig. S2 ). Too much 11 fragmentation may disturb callus induction from hypocotyls. The calli from the 12 vertically cultivated hypocotyls were then tested for the induction of shoot regeneration 13 on SIM with several combinations of plant growth regulators. No shoots were 14 regenerated from these hypocotyl-derived calli ( Fig. S3 ), suggesting the calli derived 15 from hypocotyls were not suitable for shoot regeneration, as well as the calli from roots. 16 Cotyledons showed efficient callus induction on CIM supplemented with indole-3-17 butyric acid (IBA), a type of auxin, in combination with BA when they were cut into 5-18 mm pieces, and subsequent cultivation on SIM induced greening of the calli (Fig. 4E ), 19 which should lead to shoot development. These results show that kenaf cotyledons, but 20 not seeds or hypocotyls, efficiently induce calli that potentially regenerate shoots.
22 Optimization of conditions for callus induction from cotyledons
23 To increase the efficiency of callus induction from cotyledons, we carried out 24 optimization of plant growth regulator concentrations, basal salts, and solidification 5 1 reagents for callus induction. First, we analyzed the effect of several concentrations of 2 IBA and BA as supplements to Murashige-Skoog (MS) medium [8] . The results showed 3 that 1.5 mgL -1 of BA with 0.01 mgL -1 of IBA and 1.5 mgL -1 of BA only yielded the best 4 and worst callus induction from the kenaf cotyledon in terms of efficiency and 5 homogeneity of the calli with low induction of root formation, respectively ( Table 1 and 6 Fig. S4 ). This shows that IBA is important for the efficient induction of callus from the 7 cotyledon. However, an excess amount of IBA inhibits callus formation. The root 8 formation was induced by a low cytokinin/auxin ratio in agreement with a report by 9 Skoog and Miller (9). It was noted that the callus-induction efficiency reached 98.0% in 10 1.5 mgL -1 of BA with 0.01 mgL -1 of IBA (Table 1) , showing an almost complete 11 induction of callus from kenaf cotyledon pieces.
12
Next, we tested the effect of inorganic basal salts, Gamborg B5 [10], 13 Murashige-Skoog (MS) [8] , or 1/2 MS, supplemented with 1.5 mgL -1 of BA with 0.01 14 mgL -1 of IBA for the induction of callus from cotyledon pieces. In contrast to the callus 15 hardly induced in the B5 medium, the callus was efficiently induced in either MS 16 medium, especially in the MS medium ( Fig. 2 ), suggesting that MS is the more 17 appropriate basal salts than Gamborg B5 and that callus induction from the cotyledon 18 requires a high concentration of nutrients. Using the MS medium supplemented with 1.5 19 mgL -1 of BA with 0.01 mgL -1 of IBA, our analysis also clarified that the use of agar 20 instead of phytagel (gellan gum) as a solidification reagent significantly disturbed callus 21 induction from the kenaf cotyledon ( Fig. 3 ), suggesting that solidification reagents are 22 important for kenaf callus induction as well as the effect of plant growth regulators.
23
24 Shoot regeneration from the callus 6 1 Using the induced kenaf calli, we next tested the regeneration of shoots with several 2 patterns of plant growth regulator concentrations. Calli formed on CIM were transferred 3 to SIM supplemented with 0.3 mgL -1 of gibberellin (GA) in which the concentration of 4 BA and IBA were modified to 0.5-2 mgL -1 and 0-0.05 mgL -1 , respectively. As a result 5 of cultivation on the SIM, greening of the calli was efficiently induced in the SIMs 6 containing both 1-2 mgL -1 of BA and 0.05 mgL -1 of IBA, but not in other SIMs (Fig. S5   7 and Table S2 ). This suggests a lower concentration of BA (<1 mgL -1 ) or IBA (<0.05 8 mgL -1 ) affects the greening of calli. Subsequent cultivation of these greened calli on the 9 SIM supplemented with 1.5 mgL -1 of BA, 0.05 mgL -1 of IBA, and 0.3 mgL -1 of GA led 10 to the regeneration of multiple shoots from a single callus (Fig. 4C ). To induce the 11 development of the regenerated shoot with roots, they were transferred to an MS 12 medium without any plant growth regulators. Cultivation on the MS led to the induction 13 of shoot elongation and root development ( Fig. 4D and E) that could grow and mature 14 in the soil (Fig. 4F ). Thus, our data showed that SIM supplemented with 1. 24 the agrobacterium infection method that is still incomplete for the production of the 8 1 kenaf T 2 generation [11] [12] [13] , a new gene transformation method with functional peptide 2 has recently been developed in plants [14] [15] [16] . In combination with the transformation 3 methods, our complete regeneration method would produce stable genetically 4 transformed kenaf. Since kenaf can be used as a filler of composite materials [1, 17, 18] , 5 modification of the physical property of kenaf by stable transformation is expected to be 6 applied to the development of improved materials. 23 They were cultivated for one to four weeks at 22 °C under a 16-h daily photoperiod.
24 Regarding cotyledons, those from aseptically grown 10-day-old seedlings were cut into 12 Table 1 . Callus induction and root formation efficiency from kenaf cotyledons IBA concentration (mgL -1 ) combination with 1.5 mg L -1 of BA 0 0.005 0.01 0.05
